Your objectives tell you what you are trying to achieve. They should go beyond just 'preventing cancer' or 'increasing survival' to include less readily measurable but equally as important objectives like 'increasing quality of life', 'having satisfied patients', 'increasing the equity of cancer care', and 'increasing the efficiency of cancer care'. Increasingly, the tools that work are detailed and supported in evidence-based guidelines, like those produced by the Australian Cancer Network (melanoma, colorectal cancer, cancer genetics services, with more in the pipeline) and the National Breast Cancer Centre (early breast cancer, breast cancer pathology reporting, psychosocial care, advanced breast cancer). Knowing whether or not they are working requires the simplest and most economical set of indicators that address:
• the process, whether the tools are in place and being used the way they should be; • the risk factors, early indicators of a successful outcome, like a reduction in smoking prevalence or an improvement in stage distribution for colorectal cancer; • the outcomes, like lung cancer incidence, recurrence of melanoma, survival from breast cancer, and quality of life in those who may still ultimately die from cancer.
Analysis of these indicators will tell you the data that you need to collect, and more often than not these data will already be collected routinely (death data, hospital inpatient statistics, cancer registry, the NSW Health Survey), be available by way of some simple
MEASURING THE PERFORMANCE OF CANCER SERVICES
enhancement (abstraction of, say, breast cancer size, grade and nodal status from pathology reports notified to the cancer registry or linking cancer registry to inpatient statistics data) or by methods for which there are already ample precedents (a clinical cancer data collection, a patterns of care survey, or a survey of patients themselves).
The papers in this special cancer issue show how easy it is. Helen Moore and colleagues outline a structured and rigorous way of arriving at a parsimonious and simple set of indicators for measuring the performance of clinical services for melanoma control. Sounds difficult? Not really. It has to be done with care, but it required only two meetings of about two hours with the expert advisory group to reach a firm consensus on what should be measured. To move from where we are now in measuring the performance of cancer services in NSW to where, ideally, we should be still requires the introduction of standardised clinical cancer information systems in all the main cancer treatment centres in the State, which are linked to the NSW Central Cancer Registry. Requiring less development, but equally as important, in measuring and improving the performance of cancer services in NSW are:
• a regular program of surveys of cancer care 'consumers'
• a planned approach to analysis of linked cancer registry and inpatient statistics data sets
• a continued program of enhanced analysis of cancer registry data
• patterns of care surveys 'to fill the gaps' in population coverage
• continuation of full exploitation of the richness of the Cancer Registry, Pap Test Register and BreastScreen data sets.
outcomes approach was applied to melanoma to identify areas for intervention across the continuum of care from prevention through to treatment and palliation or rehabilitation. 4 
HEALTH OUTCOMES APPROACH TO REDUCE MORBIDITY AND MORTALITY FROM MELANOMA IN NSW
Specific opportunities to reduce morbidity and mortality due to melanoma are presented in Figure 1 . In general, the intervention points that will produce health gains for the population and for people with melanoma are:
• preventing the development of melanoma by reducing exposure to known causal agents: for example, high intensity intermittent exposure to UV radiation; • detecting and diagnosing cutaneous melanoma as early as possible; • giving appropriate psychosocial support to patients with suspected or confirmed melanoma and their families; • managing primary operable melanoma in accordance with international best practice; • managing advanced melanoma in accordance with international best practice;
• providing best practice palliative care to those who will die from melanoma.
The NSW Department of Health, in conjunction with the NSW Cancer Council, has implemented a range of interventions to prevent skin cancers under a series of skin cancer control strategic plans. 5, 6 Recommendations on best practice in relation to the clinical intervention points are outlined in the Australian Cancer Network's Guidelines for the Management of Cutaneous Melanoma published in June 1997. 1 The National Health and Medical Research Council endorsed these Guidelines in December, 1999. 7 The Guidelines provide advice to a range of service providers on the principles of melanoma management based on the best evidence currently available. They cover the spectrum of care from prevention through to early detection and diagnosis, management and palliation.
Research into guideline development has shown that the way guidelines are developed, implemented and monitored determines how effective they are in changing clinical practice. 8 A critical aspect of effective guideline implementation is the integration of the guidelines into a quality improvement process. This process entails monitoring the effect of the guidelines on practice, feedback of information collected and readjustment of implementation where necessary to improve practice and ultimately outcomes. 
STEPS IN DEVELOPING A PRIORITY SET OF INDICATORS FOR MELANOMA CLINICAL SERVICES
The model used to develop an expanded set of indicators for monitoring melanoma clinical services was that proposed by the Quality and Outcomes Monitoring Working Party for the Optimising Cancer Management Initiative. 9 This process involved preparing a set of objectives for care and associated interventions; developing indicators for each objective; and assessing the benefits and costs of the indicators. Indicators were ranked in order of priority and the ranked list was further refined. The details and results of this process are as follows:
Preparing a set of general objectives and associated intervention types These objectives described the outcomes to which melanoma services are directed and the interventions required, on either theoretical or empirical grounds, to FIGURE 1   MODIFIABLE RISK FACTORS, INTERVENTION POINTS, AND INTERVENTIONS TO REDUCE THE INCIDENCE OF,  AND MORBIDITY AND MORTALITY FROM, CUTANEOUS MELANOMA TABLE 1   MELANOMA CLINICAL INDICATOR FRAMEWORK: OBJECTIVES AND INTERVENTIONS FOR REDUCING  MORBIDITY AND MORTALITY DUE TO Ensure patients with locoregionally advanced melanoma have appropriate follow-up organised.
Objective 6
Manage patients with disseminated melanoma in accordance with international best practice Interventions 6.1 Ensure access to appropriate surgical, radiotherapeutic and chemotherapeutic services for patients with disseminated melanoma in whom anti-tumour therapy is judged to offer potential benefit in quality survival; 6.2 Ensure access to palliative care for people with disseminated melanoma and their carers when quality of life (including physical, social, emotional, spiritual or financial aspects), is impaired by the disease; 6.3
Ensure palliative care services are of the best quality and are in accordance with international best practice; 6.4
Improve multidisciplinary management of patients with advanced melanoma.
achieve them. Table 1 summarises the objectives and interventions used as a framework to guide development of the performance indicators.
Developing indicators for each objective
These were outcome indicators, or measures of the outcome described by the indicator (for example, death or healthrelated quality of life); risk indicators (determinants of the outcome); or process indicators (measures of success in implementing an intervention for which there is evidence of effectiveness in achieving the measures of outcome).
The final list contained 71 indicators that were further defined by the population and data items required for each indicator and the methods for collecting the necessary data.
Assessing the benefits and costs of the proposed indicators
This involved reviewing the available literature to assess the effectiveness of the underlying interventions and hence the quality of the evidence for the process indicators.
The potential data sources for each indicator were identified as a proxy for the cost of data collection.
Of the 71 indicators, 13 were from sources which are currently available; 29 were from current sources that required further work to provide the data in a useable form (such as linking data from the NSW Central Cancer Registry with the Inpatients Statistics Collection); and 29 were from sources which required extensive developmental work (such as Clinical Cancer Registries).
When attempting to define the costs and benefits of each indicator, it became clear that there was little information available to make these estimates rigorously. Therefore opinions of an expert advisory group, the NSW Melanoma Clinical Indicators Working Party, were sought to assess the information on effectiveness and costs and provide an expert opinion on where the greatest health gain would be achieved at the least cost by monitoring the indicator.
Most of the members of the Working Party were directly involved in the clinical management of melanoma and represented a range of oncology specialties, psychiatry, pathology and epidemiology.
Ranking the indicators
To determine an order of priority for the indicators, each member of the NSW Melanoma Clinical Indicators Working Party ranked the list of indicators using the criteria listed in • use of the indicator would be highly cost-effective in improving melanoma outcomes;
• use of the indicator would be moderately costeffective in improving melanoma outcomes;
• use of the indicator would be weakly cost-effective in improving melanoma outcomes;
• use of the indicator would not be cost-effective in improving melanoma outcomes.
Fourteen of the 17 members of the Working Party participated in the exercise. The fourteen scores for each indicator were summed and indicators ranked in ascending order of the total scores.
Identifying priority indicators
The Working Party members reviewed the results of the ranking exercise, agreed on the order by priority of the list of indicators, and selected a minimum set of cost-effective indicators and associated data collection vehicles. This part of the process was largely based on the expert opinion of Working Party members.
A cut-off line was arbitrarily drawn in the indicator list. This included 30 indicators 'above the line', consisting of the top ranked 27 indicators and three indicators not ranked as highly, but for which data were currently available.
From this starting point, all Working Party members discussed which indicators above the cut-off line should be removed and which indicators from below the cut-off line should be included. The arguments for including an indicator that was not ranked in the top 30 were that the information provided by the indicator was unique, or there was relatively strong evidence of health gain or it was cost-effective to collect.
This process resulted in the identification of 43 priority indicators from the original list of 71 candidate indicators. These are priority indicators are listed in Table 3 with availability of their data source.
CONCLUSION
This paper describes a process that aimed at defining a minimum set of indicators to monitor key aspects of services for melanoma in NSW. These indicators are relevant to clinicians and clinical practice; related to the most important aspects of clinical practice; could potentially assist with changing practice through feedback; and allowed the monitoring of variations in practice that may affect patient outcomes. When clinical cancer information systems begin to operate, it is hoped that subsets of these indicators may be measured-and reported on regularly-both statewide and at major cancer treatment centres.
In summary, the process involved systematically developing an extended list of indicators measuring the desired outcomes of care for melanoma, either directly or indirectly, as processes of care known or thought to be effective in producing those outcomes. These indicators were placed in order of priority through consensus of a group of experts informed by evidence of the effectiveness of interventions targeted by the indicators and the likely costs of measuring them. The process required the participation of a multidisciplinary group that met twice and was responsible for individually assessing the extended list of indicators and collectively agreeing on priority indicators.
The process was systematic, explicit and documented; it focused on areas of greatest health gain; it was evidencebased; and it involved stakeholders. It allows for the cost of implementing data collection systems to be more reliably estimated, as it assists in specifying the system outputs and functions. It also assists in generating evidence on the effectiveness of particular clinical interventions, as it provides information about the relative importance, clinically, of monitoring the outcomes of these interventions and it highlights the most important information gaps. • the strength of evidence that the intervention does produce a beneficial outcome;
• the extent of current variation in clinical practice from best practice, as measured by the indicator.
The Indicator
• the quality of the indicator including validity, measurement accuracy, timeliness in relation to events measured, responsiveness to change in practice and stability of quality over time;
• the potential usefulness of the indicator in moving current practice towards best practice;
• the feasibility of measuring the indicator;
• the cost of measuring the indicator. Equity Can the indicator be used to measure and promote equity of service or outcome in relation to characteristics such as socioeconomic status, place of residence, indigenous status and country of birth? A broad concept of equity is intended here, not just access to services. It should include:
• inequitable distribution of knowledge about health and health services;
• inequitable distribution of health and ill health; • inequitable quality or outcome of health care. Delays in developing clinical information systems to support indicators may undermine the processes of developing minimum data sets to monitor the quality and outcomes of patient care. Recently, health information initiatives have been given a fresh impetus by the recommendations of the NSW Health Council, 10 and the NSW Government's Action Plan for Health. 11 Consequently, the time between the development of priority sets of indicators and availability of data should be reduced.
We think that the benefits of following this process of developing indicators, if realised, would justify the costs. The process provides an assurance from the data users about what should and could be measured. Therefore, we think that it ensures that resources spent on collecting data are spent giving the best possible information about the quality of services.
THE ROLE OF THE NSW PAP TEST REGISTER IN MONITORING THE CERVICAL SCREENING PROCESS IN NSW

Sacha Macansh Manager, NSW Pap Test Register NSW Cancer Council
In 1993, the Steering Group on Quality Assurance in Screening for the Prevention of Cancer of the Cervix recognised that cervical cytology registers were uniquely placed to provide comprehensive information that could be used to monitor and improve the quality of cervical screening. 1 This article describes the NSW Pap Test Register, and how the data that it collects is used to monitor the performance of the NSW Cervical Screening Program. The register was established in 1996 as a central, comprehensive and confidential database of Pap test and cervical histology results for NSW women. It has a number of important functions including the collation of information that can be used to measure, monitor and improve the cervical screening process.
The Register is managed by the NSW Cancer Council and is an integral part of the NSW Cervical Screening Program. It is jointly funded by the NSW Department of Health and the Commonwealth Department of Health and Aged Care. As part of the NSW Cervical Screening Program, the Register aims to reduce the incidence of and mortality from cervical cancer by increasing participation in and improving the performance of cervical screening. The Register contributes to this aim by providing complete, accurate and timely data which can be used to measure key areas of the Program's performance.
REGISTER DATA
The Public Health Act 1991 determines that pathology laboratories must inform the NSW Pap Test Register of the results of all cervical cancer tests, Pap tests and cervical histology for NSW women. Demographic data for all Table 4 .
Currently, 52 laboratories in five states and territories process cervical cancer tests for NSW women. These laboratories are electronically linked to the Register. More than 13,000 Pap test results are received by the Register each week, and more than 95 per cent are received within 15 working days of being reported.
Timely, complete and accurate data are important for all the Register's functions. Validation and quality checks are incorporated at each step of data processing to ensure that the Register's record is complete. To help ensure that the data are accurate, feedback loops return the data to laboratories as screening histories, which assist in reporting current tests and quality assurance activities.
MEASURING THE SCREENING PROCESS
Register data are used by the NSW Cervical Screening Program to measure its progress towards the goal of reducing the effect of cervical cancer in NSW. However, as the screening process involves a number of steps and different groups of stakeholders, it is important to assess a number of different performance criteria at different stages throughout the process.
Cervical screening can be seen as a pathway of interrelated steps (Table 5 ). Each step is integral to the performance of the Cervical Screening Program as a whole. Register data are able to be used to measure performance at every step except that of notifying women of their results. However, performance at this step is inferred by the number of women who are lost to follow-up (Table 6 ). Register data is also used to assess different screening criteria, in particular to provide information in terms of both quantity and quality as illustrated in the 'indicator' column of Table 6 . Variation in service performance or quality can be identified by calculating measures for the different steps in the screening process and at a range of different levels. This allows the Program to identify the most appropriate areas for improvement and resource allocation. This is Step 3: Laboratory Processing of Results Laboratories often collect tests for women who live outside the laboratory's geographic location, so little may be gained from analysing the variation in laboratory performance by the distribution of the woman's area of residence. However, categorising laboratories according to the size of their cytology workload and location may be useful for monitoring laboratory performance. Variation in performance between categories potentially allows education and training activities to be targeted to the staff of laboratories most in need of improvement.
The proportion of high grade intraepithelial Pap test results that are confirmed on histology within six months is considered a measure of laboratory reporting accuracy. 4 The proportions can be calculated for laboratory illustrated below for Steps 1 and 3 in the cervical screening pathway.
Step 1: Recruitment of women at risk The demographic details of women who are recorded on the Register can be used to monitor and assess activities and projects at both a State and local level. Suburb and postcode variables of a woman's address are used to allocate women to local government and health service areas.
Demographic details also permit the monitoring of target groups: for example, those defined by age ( Figure 2 ). Women aged 50 to 69 years of age are considered a high risk group as they have the lowest screening participation rate but the highest incidence of cancer of the cervix. As a result the recruitment rate of this group of women is specifically monitored. Currently the screening rate for women aged 50 to 69 years in NSW is 59.1 per cent with 
INTERVAL BREAST CANCERS IN NEW SOUTH WALES
Richard Taylor, Rajah Supramaniam, Mary Rickard and Jane Estoesta BreastScreen NSW Westmead Hospital
This article describes a study that examined the effectiveness of mammographic screening offered to 50-69 year old women in NSW through BreastScreen NSW in 1996.
BACKGROUND
What is an interval breast cancer ?
These are cancers that are diagnosed after a woman has had a mammographic screen with a normal result and before her next scheduled screen. The interval cancer rate is an indicator of the effectiveness of mammographic screening programs. It is expressed as a proportion of the number of women screened. A consistently low interval cancer rate is correlated with a significant reduction in mortality from breast cancer in the screened population.
1-3
Classification of interval cancers
Interval cancers can be classified by diagnosis: after the first ('prevalent') or a subsequent ('incident') screen, in the first or second year after a previous normal mammogram and by age group and period. Some screening services also classify by a woman's symptomatic status (at the previous mammogram) since those with symptoms, particularly the presence of breast a lump categories that are determined by where the laboratory is located and the workload size in terms of numbers of Pap tests reported per year. Table 7 describes how the proportion of high grade intraepithelial Pap tests that are confirmed on histology varies between laboratories of different workload sizes and where the laboratory is located.
To measure the performance of the Cervical Screening Program as a whole, however, cervical cytology registry data must be linked to data from a central cancer registry. Linking these two data sets will allow the screening program to calculate the interval cancer rate. As the interval cancer rate is a measure of cancer incidence in women who are participating in the screening program it reflects screening failure. As a critical assessment of the ability of the Cervical Screening Program to meet its aim of reducing cancer, this is another important measure that uses Register data. The NSW Pap Test Register has been operating for four years and it is now able to calculate this measure for the first time, a process which is under way. Interval cancers during the first year after a normal mammographic screen are the most significant because they reflect cancers missed by screening. Second year interval cancers are more likely to be cancers which could not have been detected at the previous screen. Second year interval cancers are also more difficult to measure since they merge into cancers diagnosed from early return for biennial screening.
CONCLUSION
Proportional incidence
Since the underlying rate of breast cancer incidence varies between populations, interval cancer rates per woman screened are not necessarily directly comparable, especially internationally. For this reason the proportional incidence of interval cancers in the screened population can be used. This is the interval cancer incidence expressed as a proportion of the cancer incidence that would have been expected in the absence of screening in a similar but unscreened population. This statistic can be used to compare outcomes with those of major screening trials.
1,2
Program sensitivity Program sensitivity is defined as the proportion of invasive breast cancers diagnosed through screening compared with the total number of invasive breast cancers diagnosed in women screened (including interval cancers). This is simpler to calculate than the proportional incidence because it avoids the problem of estimating the underlying population incidence.
METHODS
The study population consists of women who attended for mammographic screening at BreastScreen NSW during 1996. BreastScreen NSW is part of BreastScreen Australia and consists of 10 screening and assessment services. Women aged 50-69 are actively recruited from the electoral roll but women 40-49 years and 70-79 years are also screened on request. This report considers only interval cancers in the target age group 50-69 years. Women who attend for screening undergo bilateral mammography and all films are read independently by two radiologists. If there is discordance in the recommendation by the first two radiologists the final recommendation is made by a third senior radiologist.
Screen detected cancers
The definition of primary breast cancer used for this study includes invasive cancer but excludes ductal carcinoma in situ (DCIS) and lobular carcinoma in situ (LCIS). All cases of primary breast cancer diagnosed by the Screening and Assessment Service in women attending for the first time were classified as prevalent (first round) screen detected cancers. Cancers in women attending for their subsequent screens were classified as subsequent round screen detected cancers.
Interval cancers
For the purposes of this study, cases of primary cancer of the breast diagnosed up to 12 months after a screening mammogram from first or subsequent screening rounds were included.
Identification of interval cancers
Some interval cancers were reported directly to the Screening and Assessment Services, the remainder were identified by linking the BreastScreen NSW records to the NSW Central Cancer Registry. The date of diagnosis used by the cancer registry was the 'date of diagnosis (not onset of symptoms)' or date of first pathology report or first hospital admission for a particular cancer.
Completeness of enumeration is difficult to determine precisely for cancer registries. The standard indicators such as the histological verification rate (0.2% of all registrations) and the death certificate only rate (0.2%) shows good completeness for breast and other cancers in NSW. 4 The data met the requirements for inclusion in Cancer Incidence in Five Continents. 5 The matching of records of the screening database with the cancer registry was accomplished with the aid of probabilistic linkage using an Automatch algorithm. 6, 7, 8 Underlying breast cancer rate Whereas a previous study of interval cancer in a NSW pilot mammographic screening service was able to use the rate of breast cancer in the whole state as an underlying rate, 9 this is no longer possible because of widespread population screening. Widespread population mammographic screening initially inflates the incidence of breast cancer because of increased early detection.
Statistical analysis
The age-specific incidence of interval cancers was determined by dividing the number of interval cancers found in women screened in 1996 by the age-specific number of women screened over the same period.
These age groups are also aggregated for reporting purposes, after indirect age adjustment using the NSW age-specific rates as the standard. Program sensitivity was obtained by dividing the number of screen-detected cancers by the total number of cancers in the screened population (screen-detected plus interval).
The underlying incidence of breast cancer was obtained by APC modelling assuming a continued birth cohort trend and a constant period effect derived from pre-1991 data. 10 The age-specific incidence of breast cancer in NSW has been adjusted to discount for the 'period' effect of increased detection using age, period, cohort (APC) modeling which is described elsewhere. 10 The underlying annual incidence was 203 per 100,000 for 50-59 years and 250 for 60-69 years.
In order to express the interval cancer incidence as a proportion of the underlying breast cancer incidence rate, an indirectly age-standardised incidence ratio was calculated using the state age-specific incidences as the standard. 11 Poisson confidence limits were used for the interval cancer rate and the interval cancers as a proportion of underlying incidence. The Poisson distribution was used to calculate 95 per cent confidence intervals for the interval cancer rate and the proportional incidence, 11 and the normal approximation of the binomial was used for program sensitivity.
Comparisons
Comparisons of the interval cancer rate and program sensitivity in NSW 1996 were made using data reported from BreastScreen Victoria for the same year. 12 Comparisons of NSW interval cancer in relation to underlying incidence were made with international studies from Sweden, Denmark, the Netherlands and the UK 2, [13] [14] [15] as well as Victoria. 16 For the purposes of comparison, the 12 month interval cancer data from the first and subsequent screening rounds were used for all studies, except for the UK study for which only the first round data were available. Confidence limits for interval cancer rates from comparison populations were calculated from the published data using the Poisson distribution. Figure 3 compares first year interval cancer rates in NSW and Victoria for 1996. Although rates are lower for 60-69 years compared to 50-59 years (5.9 versus 7.9 per 10,000 women screened), these differences are not statistically significant judged by overlapping 95 per cent confidence limits. There were no differences between interval cancer rates in NSW and Victoria (6.8 versus 6.5 per 10,000 women screened). 
RESULTS
Figure 4 compares program sensitivity in NSW and
Victoria for 1996. Program sensitivity is slightly higher for 60-69 years compared to 50-59 years (89.3 per cent versus 83.6 per cent), but these differences were not statistically significant as judged by overlapping 95 per cent confidence limits. There were no differences in the program sensitivity between NSW and Victoria (86.4 per cent versus 88.7 per cent).
DISCUSSION
The interval cancer rates and program sensitivity in NSW and Victoria for 1996 are virtually identical. Greater numbers would be required by aggregation of years to make inferences concerning effects of age and screening rounds.
International comparisons of first year interval cancer as a proportion of underlying incidence indicates that no program has been able to replicate the Swedish two-county trial of 13 per cent. 2, [13] [14] [15] [16] However, several studies have lower 95 per cent confidence limits that overlap with the upper 95 per cent confidence limit of the Swedish twocounty trial (20 per cent). Most reported data indicate first year interval cancer rates of 20-30 per cent of underlying incidence. Consideration needs to be given to developing performance standards for mammographic screening programs that are based on assessments of achievements of programs implemented in whole populations. 
FIGURE 3 FIRST YEAR INTERVAL BREAST CANCER, VICTORIA AND NSW, 1996
Note: The Poisson distribution was used to calculate 95% confidence intervals. 
FIGURE 4 FIRST YEAR PROGRAM SENSITIVITY, VICTORIA AND NSW, 1996
Note: The Poisson distribution was used to calculate 95% confidence intervals.
FIGURE 5 FIRST YEAR INTERVAL BREAST CANCERS AS A PROPORTION OF UNDERLYING INCIDENCE, INTERNATIONAL COMPARISON
USING RECORD LINKAGE TO MEASURE TRENDS IN BREAST CANCER SURGERY
Tim Churches and Kim Lim Epidemiology and Surveillance Branch NSW Department of Health
Since the early 1990s, there has been a growing acceptance in Australia of the efficacy of breast-conserving surgery (as defined as excision of the primary tumour and adjacent breast tissue, axillary node dissection and radiotherapy of the remaining breast) for the treatment of early breast cancer. This article describes changes in the patterns of the surgical treatment of breast cancer in NSW in the period 1991 to 1995. It follows on from an earlier study by Adelson et al, 1 which described the proportion of NSW women diagnosed with breast cancer in 1991 and 1992 who had breast-conserving therapy (BCT).
METHODS
Population-based data on the surgical treatment of breast cancer was assembled by linking two separate data collections: the NSW Central Cancer Registry data collection, 2 and the NSW Department of Health's Inpatient Statistics Collection (ISC). 3 The NSW Central Cancer Registry (CCR) is a populationbased registry to which notification of all cases of malignant neoplasm has been a statutory requirement in NSW since 1971. 4 Using data supplied by the CCR, we assembled a file of all cases of breast cancer (excepting intraductal carcinoma and Paget's disease of the nipple) diagnosed in female NSW residents between 1993 and 1995. Data items on the CCR data file used in the analysis were age at diagnosis, degree of spread, date of diagnosis, area of residence at diagnosis, and country of birth.
The NSW ISC contains records for all hospital separations (discharges, transfers and deaths) from all NSW public and private hospitals and day procedure centres. ISC records consist of demographic data items, administrative items and coded information on diagnoses related to and procedures performed during a particular admission to hospital. Records for NSW residents who were admitted to interstate hospitals were not used in this study because the partially-identifying data items used to link records, such as address and date of birth, were not available for these records. The ISC data file used for record linkage contained 6.8 million records, covering separations for the period July, 1992 to June 1996.
We used Automatch probabilistic record linkage software to create a single, 5 linked file of CCR and ISC records. Automatch software uses well established probabilistic linkage methods to link records in two data files under conditions of uncertainty, 6 such as where there is no unique identifying number common to both files. Before linking, address details from the two sources were separated into individual components (such as house number, street name and suburb or locality) and these items were standardised as far as possible using Autostan software. 7 The partiallyidentifying but non-unique data items common to the two sources that were used to link the files were hospital code, patients' medical record number (which, in most cases, is specific to each hospital), country of birth, full residential address, and date of birth.
These data sources and record linkage methods are essentially identical to those used in the earlier study which covered the period 1991-1992. McGeechan et al. undertook a validation study of a sample of the cohort used in the earlier study. 8 They concluded that the linked data file under-estimated the proportion of women receiving breast conserving therapy (39 per cent in the linked dataset versus an estimated true proportion of 42 per cent) but that there was no evidence that this underestimation was biased with respect to age or geographical region.
Geographical area of residence was assigned to the cancer cases based on the boundaries of the 17 area health services defined by the NSW Department of Health in 1996. To evaluate trends in the types of surgical breast procedures, we recoded place of residence in the 1991 and 1992 data file used in the earlier study to the current boundaries of areas health service. 1 For the purposes of this study, metropolitan area health services cover Sydney, the Central Coast, Hunter and Illawarra geographical areas. The remaining area health services cover rural areas. Surgical breast procedures were categorised as breastconserving (ICD-9-CM procedure codes 85.20-85.23) or mastectomy (ICD-9-CM procedure codes 85.41-85.48). Hospital admissions which included the ICD-9-CM procedure code for open breast biopsy (85.12) were not included in the main analyses for reasons discussed below.
Statistical analyses included tests for linear trend and multiple logistic regression. 9 In the logistic regression models, the outcome variable was the probability of having a mastectomy and the risk factors were age, degree of spread at diagnosis and area of residence (rural versus metropolitan). Cases with unknown degree of spread (n=1,062) were excluded from the data for the logistic regression. The choice of variables to include in the models was based on the p=0.05 criterion for main effects and p=0.01 for interaction terms. The base levels in the model were women aged under 60 years, localised spread, and residence in a metropolitan area.
RESULTS
Record Linkage
In the period January 1993 to December 1995, there were 9849 NSW women diagnosed with breast cancer. Of these, 9417 cases were linked to ISC records, representing a match rate of 95.6 per cent. The proportion of linked cases was similar across the three years: 95.9 per cent in 1993, 95.7 per cent in 1994 and 95.2 per cent in 1995. The age distribution for the 432 cases which did not match to any ISC records was similar to those of the matched cases. The unmatched cases had a higher proportion of unknown degree of spread (38.4 per cent) compared to the same category in the linked cases (14.9 per cent). Unmatched cases were more likely to be resident in those rural area health services which share a border with other states: 
Hospital admissions
There were 43,254 hospital separations (that is, discharge, or transfer, or death) recorded for the linked cases of breast cancer (n=9,417). The hospital separations covered the period of six months before diagnosis and up to three years after diagnosis. Most of the women (77 per cent) had more than one admission to hospital. Of the women who were treated surgically, 82 per cent were admitted within one month of diagnosis and 14.6 per cent within two months of diagnosis.
Breast procedures
A small proportion of women in the linked cases (eight per cent, n=760) had no recorded breast procedures. As found in the earlier study, these women tended to be older: 44 per cent were aged 70 years or more compared to 25 per cent of the women who had breast procedures recorded. They were also more likely to have had metastatic disease at diagnosis (23 per cent versus two per cent of the women with recorded breast procedures) or an unknown degree of spread at diagnosis (30 per cent compared to 14 per cent of those who had breast procedures recorded). The most common procedures performed on these 760 women were administration of chemotherapy (25 per cent of admissions of the 760 women), blood transfusion, CAT scan, bone scan, thoracocentesis, pulmonary scan and bone marrow biopsy. Twenty of the 760 women were recorded as having undergone radical excision of axillary lymph nodes without mention of a breast procedure. Table 8 shows the number of breast procedures for the remaining 8657 women. There was a small increase in the total number of breast conserving procedures over the three year period. The number of mastectomy and diagnostic breast procedures remained constant (Table 8) .
Therapeutic breast procedures
The women who underwent therapeutic breast procedures (n=8,237) form the basis of subsequent analysis of treatment patterns. 
Multivariate analysis
In the logistic regression models, variables found to have a significant independent association with the probability 1994 and 55 per cent of women diagnosed in 1995. There was considerable variation in mastectomy rates between metropolitan and rural area health services, with higher rates generally observed in the rural areas. The type of surgical treatment was influenced by age and degree of spread at diagnosis. Table 10 shows that, in general, women with regional spread or metastases at diagnosis were more likely to undergo mastectomy than women with local disease at diagnosis. Age and degree of spread combined do not influence the likelihood of a woman undergoing a mastectomy. There appears to be no variation in the proportion of mastectomy rates across the different age groups.
Health insurance status did not appear to influence the type of surgical treatment. Forty-three per cent of the women who underwent breast conserving surgery had private health insurance, while 42 per cent of the women were public patients.
A total of 268 women were recorded as undergoing open biopsy of the breast (ICD-9-CM procedure code 85.12) without mention of a therapeutic breast procedure in any of their other hospital admissions. There were 335 records for hospital admissions for these women: 100 of these admissions relating to 62 women included procedure codes for the dissection or clearance of the axillary lymph nodes (ICD-9-CM procedure codes 40.23, 40.3 and 40.51). 10 The C statistic, 11 which provides a measure of predictive accuracy of the model, was 0.619. Table 11 shows the likelihood of undergoing a mastectomy as opposed to breast conserving treatment while controlling for patient and tumour characteristics. Women aged 60 years and over were slightly more likely (odds ratio 1.21, 95 per cent CI 1.10, 1.34) to have a mastectomy than women under 60 years of age. Women with regional spread of disease were considerably more likely (odds ratio 2.38, 95 per cent CI 2.14, 2.65) to have a mastectomy than women with localised spread. The likelihood of a mastectomy for women with metastatic spread was not significantly different from those with localised spread (odds ratio 1.40, 95 per cent CI 0.88, 2.21). Women resident in rural area health services had a significant greater likelihood of undergoing mastectomy (odds ratio 1.50, 95 per cent CI 1.33, 1.70) than women residing in metropolitan area health services.
DISCUSSION
There are two main findings in this study. The first is that there has been a distinct increase in the utilisation of BCT in NSW, with the proportions increasing steadily from 36 per cent of all surgical treatments for breast cancer in 1991 to 45 per cent in 1995. This is an encouraging result and probably reflects both a greater acceptance of the efficacy and safety of BCT regimes by surgeons as well as the greater availability and accessibility of the radiotherapy services which are required for successful BCT.
The second finding is that the greater likelihood of undergoing mastectomy as opposed to breast conserving treatment for women resident in rural areas which was observed in 1991 and 1992 continued in the years 1993 to 1995. This difference persists after adjusting for differences in age and degree of spread at diagnosis and therefore is unlikely to be a result of earlier diagnosis in metropolitan women due to greater accessibility and uptake of mammography screening services in the cities.
Nevertheless, there has been a significant increase in the proportion of rural women who are undergoing BCT rather than mastectomy. This is reflected in the increasing number of rural women who are choosing to travel to metropolitan hospitals for the surgical treatment for their breast cancer (10 per cent in 1991-1992, 26 per cent in 1993-1995), presumably so that they can use the radiotherapy services associated with those metropolitan hospitals. Unfortunately, it is not possible to determine from currently available data what proportion of rural women are attending metropolitan radiotherapy services after undergoing breast conserving surgery in a local, rural hospital.
High quality radiotherapy services require considerable capital investment and a team of specialist staff.
12,13, Clearly clinicians and health service administrators face policy and operational challenges in ensuring that all rural women with breast cancer have the option of choosing a form of treatment which requires radiotherapy even if there is no radiotherapy service available locally.
Like the previous study by Adelson et al., 1 this study has used two existing data sources (a population-based cancer registry and an administrative hospital separations database) in order to provide information on the patterns and trends in the surgical treatment of breast cancer in NSW. Because neither of these data sources were designed specifically for this task, there are some inherent limitations to the accuracy of the information which can be derived from them. Possible misclassification of diagnostic open breast biopsy procedures has already been discussed. Other sources of error include underenumeration of breast cancer cases by the NSW Central Cancer Registry, under-enumeration of therapeutic breast procedures in the Inpatient Statistics Collection, the absence of information about women who received their treatment interstate and the unquantifiable proportion of missed or false linkages between the two files.
Although the relative increase in BCT since 1991 undoubtedly represents an improvement in breast cancer care, it is still unclear whether 45 per cent of women receiving BCT is a good result in absolute terms. Furnival suggests that, based on the experience of a specialist breast clinic in Brisbane, the practical limit for BCT is between 50 and 60 per cent of all breast cancer cases treated in Australia. 14 Ideally, it should be possible to calculate the number of women with newly diagnosed breast cancer who meet the criteria for breast conserving therapy set out in the NHMRC and other guidelines, and then compare this number with the actual number receiving BCT. However, insufficient information on the degree of spread at diagnosis and tumour size was available to this study to accurately classify women into IUCC stages I and IIA, which are suitable for BCT. Future studies may be able to address this deficiency.
Published results from other Australian population-based studies report similar BCT utilisation rates to those we found in NSW. Hill et al. reported that the proportion of women diagnosed with breast cancer in Victoria who received BCT rose from 22 per cent in 1986 to 42 per cent in 1990. 15 A study of treatment patterns in women diagnosed with breast cancer in the greater western region of Sydney in 1992 found that 41 per cent received BCT. 16 Craft et al. found, in an analysis of Medicare data, that in 1993 39.9 per cent of Australian women who underwent some form of breast surgery for which a Medicare benefit was paid received BCT. 17 They also found similar urban- 18 This study found the overall utilisation of BCT to be 48 per cent. Eighty-five per cent of the 4837 women had early disease at diagnosis-of these women, 53 per cent underwent BCT compared to 32 per cent of the women who had advanced disease at diagnosis.
More recent linked hospital and cancer registry data for NSW is currently being prepared and will be reported on in the near future.
option for breast cancer. This article compares patterns of breast cancer surgery in NSW in 1992 and 1995; and describes features of the women, and the breast cancers that were associated with changes in mastectomy rates.
METHODS
Routinely collected administrative data has been used for linkage studies of breast cancer surgery in NSW women.
1,2 For the present study, the NSW Department of Health used Automatch to link records of women with breast cancer in 1992 and 1995 in the NSW Cancer Registry with their treatment records in the NSW Inpatient Statistics Collection (ISC).
Some women whose records were linked had diagnostic breast procedures only (six per cent in 1992 and four per cent in 1995) or no surgical procedures recorded (11 per cent in 1992 and nine per cent in 1995) and these women were not included in this study. Women who had any code indicating either mastectomy alone or mastectomy with breast conserving therapy were assigned to 'mastectomy'. The category of 'breast conserving therapy' (BCT) included women who had this surgery only although they may have had an additional diagnostic procedure.
We examined the relationship between type of surgery and womens' ages, places of residence and the recorded size of the breast cancer. We also grouped hospitals into categories by their 'surgical volume' (low, medium, high) based on the total number of mastectomies and BCTs in each year.
QUALITY IN BREAST CANCER MANAGEMENT
There were 2,020 women with invasive breast cancer in 1992 and 2,883 in 1995 for whom cancer registry records were successfully linked to ISC records of BCT or mastectomy.
Breast conservation and mastectomy
Breast conservation alone was the surgical treatment procedure for 39 per cent of women in 1992 and 45 per cent of women in 1995. In both years most women had mastectomy (61 per cent in 1992; 55 per cent in 1995) and rural women were more likely to have mastectomy and less likely to have breast conservation than urban women. Three-quarters of the women with breast cancer in the linked records in 1995 lived in Sydney, Newcastle and Wollongong.
While BCT increased from 1992 to 1995, it was mainly in women with the smallest breast cancers (<1cm) ( Table 12 ). In 1992 less than half (46 per cent) the women with the smallest breast cancers had BCT compared with almost two-thirds (61 per cent) in 1995. A higher proportion of women in urban areas (64 per cent) had BCT for the smallest cancers than women in rural areas (47 per cent) (Table 12) .
Mastectomy was the more common surgery for larger breast cancers, and increased steadily with increasing cancer size to around 80 per cent of urban women with 3+ cm breast cancers (Table 1) . There was no similar trend in rural women, although they too had the greatest use of mastectomy (87 per cent of women) with the largest (3+ cm) cancers. Between 1992 and 1995 there was almost no change in the percentage of women who had mastectomy for the largest (3+ cm) cancers. On the other hand, mastectomy for the smallest (<1 cm) cancers fell from 50 per cent to 36 per cent in urban women and from 64 per cent to 47 per cent in rural women. Table 1 summarises the evidence that most of the shift from mastectomy to BCT occurred in the treatment of the smallest breast cancers.
As would be expected, urban hospitals performed more surgery for breast cancer in each year (up to 211 procedures in 1992 and 237 in 1995) than rural hospitals (up to 32 in 1992 and 67 in 1995) (Figure 7 ). Most women (65 per cent in each year) had surgery in a public hospital. While in 1992 only 10 per cent of women had surgery in urban hospitals performing the highest volume of breast cancer surgery (100+ procedures), this had increased substantially to 37 per cent in 1995. Despite this increase, more than half (55 per cent) of women in 1995 had their surgery in hospitals where no more than 60 mastectomies and BCTs were performed in the year.
Predictors of mastectomy
We examined urban or rural residence, cancer size in four categories, spread (localised to the breast, invading adjacent tissue or regional lymph nodes or distant metastases) and hospital volume of surgery for breast cancer (low, intermediate, high) as potential predictors of mastectomy.
The odds of mastectomy were two-fold higher in the presence of regional spread of the cancer at diagnosis than with localised cancer and higher still for the largest (3+ cm) compared with the smallest (<1 cm) cancers (Table 13 ). The higher mastectomy rates in rural NSW were independent of any differences in breast cancer size and spread at diagnosis (Table 13 ). In the multivariate models, mastectomy was, if anything, most prevalent in hospitals in which moderate numbers of breast procedures were done rather than few or many.
COMMENT
Our study used a linkage of two sets of routinely collected, computerised health records. The increase in NSW in BCT from 1992 (39 per cent) to 1995 (45 per cent) was consistent with increases observed in earlier periods in Australia, 3, 4 and similar to the BCT rate in Victoria in 1990, 5 and Australia in 1995. 6 We concluded that BCT in NSW in 1995 was in line with current Australian practice.
Although more women had BCT in 1995 than 1992 in NSW, the increase was confined to women with small, localised breast cancers. The trend for mastectomy to increase with increasing cancer size was observed mainly in urban women. The greater use of BCT in urban women may suggest that practice had changed more in the urban setting by 1995. 
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Editorial correspondence
One factor we were unable to take into account is the womens' own choices about their surgery. About onequarter of women with early breast cancer diagnosed in Australia in 1995 were reported by surgeons to have chosen non-conservative surgery for reasons such as concerns about recurrence or treatment by radiotherapy, which were sometimes age-or residencerelated. 6 • It is also known as Australian encephalitis.
TRENDS
Highlights of communicable diseases notifications in
WHERE DOES THE DISEASE OCCUR?
• MVE usually occurs in remote north western Australia. It rarely occurs in eastern Australia.
• To date (May 2001), there have been no human cases in south eastern Australia-including NSW and Victoria-reported since 1974.
• In previous outbreaks, the virus affected people living in western NSW.
HOW IS THE DISEASE SPREAD?
• MVE virus is spread by the bite of a mosquito that is infected with the virus.
• Not all mosquitoes carry the virus.
• The most common species to carry the virus is Culex annulirostris. Only one person in about one thousand will acquire the disease after being infected through a mosquito bite.
• The virus is carried by water birds. Mosquitoes become infected by biting birds or other animals that carry the virus. Spread to south eastern Australia is thought to occur with waterbird migration that follows unusually wet conditions in inland Australia.
WHO IS MOST AT RISK?
• The disease is fatal in about 20 per cent of those who become sick, and a further 25 per cent can develop major intellectual and/or neurological complications. About 40 per cent of cases will make a complete recovery.
WHAT ARE THE SYMPTOMS?
• The disease takes about of 5-15 days to develop following the bite of an infected mosquito.
• The great majority of people infected with MVE will have no symptoms. Of those who do, symptoms may include:
-severe headache -neck stiffness -fever -tremors -seizures (particularly in young children) -confusion -vomiting -nausea -diarrhoea -dizziness -lethargy, irritability, drowsiness -coma (in severe cases).
• People experiencing these symptoms should seek medical attention.
PREVENTION
There is no specific treatment or vaccine available for MVE. The only protection is to avoid being bitten by mosquitoes. This is particularly important to travellers and visitors to areas where MVE might be active.
PROTECT YOURSELF FROM MOSQUITOES
Mosquito protection during periods of MVE activity is absolutely essential:
• Avoid being outside when mosquitoes are most active, particularly early in the morning and from just before sunset to mid-evening.
• Wear loose fitting light coloured clothing with long sleeves, long trousers and socks. Mosquitoes can bite through tight fitting clothes.
• Use insect repellent when outdoors and reapply when appropriate. Lotions and gels are more effective and longer lasting than sprays.
• Make sure flyscreens and doors are in good order, if camping out sleep under a mosquito net or in a mosquito-proof tent.
• Use a 'knock down' insect spray before going to bed to kill any mosquitoes that are indoors.
For further information contact your doctor, community health care centre or your nearest Public Health Unit.
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declines in pertussis, measles and rubella, and continuation of the seasonal rise in arboviral infections, due to Ross River and Barmah Forest viruses ( Figure 8 , Table 14 ). 
